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(54) LIQUID CRYSTAL DISPLAY 

(57) Abstract: 

PURPOSE: A liquid crystal display is to secure nonuniformity of a large scaled liquid crystal display device using a 
fluidic self assembly (FSA) technology and improve a yield of the device. CONSTITUTION: A switching area and a 
pixel area are defined in a substrate. The substrate includes a groove in which a plurality of incline planes are 
formed. A nano block(200) is packaged in the groove and has side planes corresponding to the incline planes. At 
least one switching element and a plurality of pads are formed on the top face. The plurality of pads applies a signal 
to respective switching elements. A gate interconnection(lSO) crossing across the nano block horizontally is in 
contact with the first pad of the nano block. The first and the second data interconnections(160a,160b) crossing 
across the nano block vertically are in contact with the second and the third pads. A connecting interconnection(164) 
is formed in a discontinuous portion of the first and the second data interconnections. A pixel electrode(170) formed 
in the pixel area is in contact with the fourth pad. 
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£ ^S-E s|-ao| ^fi- mas|s| sa|^|# go^ s^gs^oi #7| ^in g 

«|0| Ar|S HSISIS! c^s| 3A^o| ggg MIS«« £fe 7|e3t ; L|9«0| tfSfiljl, £p| 3^ao| cH#s| 

^3 l-KhiM# 7^X|ao1 #7| 4ir:#IIf£| Xj\ l S«H£|- S^Sfe 7tfO|B H|4|*t; &7| 

4inM# A||S^9o S ^hS^aol, #7| 7j|0|E H ||Aj # ^Alo^ L+icMSl *5<H|A| fS^£S g£)H|Q| ( 

Ap| M-£r:#ifS| Xil 2f 3 ^HHfiF B^Sfe 1, 2 C||0|E| U|41j»; &7| 1, 2 E||0|E| H|)Ajo| ^3^Sjo| HgcHI 



je i« attain oia sai&x|o| ^gs. a-as. 
£ zfe g^e! qg aA|s*|s| £a|s ssse, 

£3^£ 2S| SE^ III -HISS *m &Hs| 7H|5f5SS 5EA|a f£g t 

5E 4^ * ttSoJ DfB ^flS g^ia L-ticft*S| 7|«ta|f£l E*fl# SEg . 

£ 5fe * ttScHI cc|-B ^JnM^ofl Mig-g £K|-S| ££A|Tgh £fl. 

5E 6^ L-l-JbL-i^oji xj*jg ± <>\% £X|-s| S7|-S|£< £A|8 £g . 

£ 7^ * S-S CH| cc|-# U(-in#s 0 | L||Sa M|ggo| £EA|fl- . 

E 8u ^ B-Qojl cC}e °J]*j aA|#x|°| SS# £A|Hj- 

£ 9fe £ 8*1 Sa-Aj IX-IXS *K EJ-3* HA|S- £fl , 

El 10-B SE 8^1 1E!-Aj X-X°S £A|fj. £ES . 

150 : 7||0|e H||Aj 160af 160b( 160c . d||0|E| H||Aj 

200 : M-in** 100 ; *W Sfl*|^B| 

300 : MISS 164 : Sl^iNI*! 



* g-S^ ^41- fiA|^|o|| ^d^S, ^ 4MI*Mte cHflsj SA|S-x|°| 7H|sfo|| flow, ±x^a(fluidic 
self assembly : FSA)?I#« 0|*«H>| x|2|-£|^ c||S2| 9|3£A|g*|o| »» 3!o|ch 

«(S iea|S*|s| ^s^aife ^S^l o\^n g^Um o|*fl-ch 7 ^ zj 7 | 

oil g.xi-o| ui « oil b-s^s ztn 91solb\ t eiflaiss. egg on S7isi- ?j7^oi ftxi-uiiasi n\o\m *r 

nfaW, Aj-7) qijgo| «x|-u||«i ojo|^ ^a*f-S, ^u||go| h*MI sis, o|tfgo| # 7 | 

S*N£: Bte*| 3S« ol#«H>| xisft^ HR Mgx|^E|a|. # 7 | «jo|- eebjx|^ e -|ch| oiia J^S^o] m% a-^|o S 
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UHUS ^mmm °4§ (Active Matrix LCD : AM-LCD)7|- SH#E S! #S# ^Sfea|o| 7 ffl ¥^ Ufa 

jr. is aa-^iei «is ^asi ass jeais ei-sjeo|dk 

«I8 nHH(20)« oi&) ##a| ±x|-#o| gAHEj ■= g.o| 7 | 0(2 4)0 | Ais i:H-gs|7f| ggs|o| an. #7| ? g-s| 7|© 
(2, 4) Aho|ofl w§#(io)o| 7Hxna lens ^|x|5F3L slcK 

# 7 | n«y(20)o)|fe iSffe «b|«e|7|- S£3 #¥ 7|B-(4)2f #7| Q|S^(10)S| fcjq- Httigr&g BtW 

a ^ sat iflu sis7i- ng-g *iy 7i»(2)ss ^gch 

AJ-71 7|S(4)0)|fe 4|« ?f|Sfc !EilNS(8)2K #?l SBi«E|ft(8)« S2fe g#£R(12)0| «gs|o| 5SW. #?l 

§S2^(i2)« ais (io)oii goj.# e^Wfe g«g^s| °$mm tw. ?ie(2)S ^flS *fc «m a 

f!!*|iEM(S)2|-, £M aj-st EBiix|^E|(s)s-V-E| tis.m vMltn #7| °«S(io)°^ ggj-g 2]7|*fc cM§ &qs| g=a| 

sfe si-^a^(i4)°s ^ach 

#7| sh±:*R(i4)o| S^hej s|-4:^-(p)am t.teK 

nam, #7| 4Hf 715(4)4 7|B-(2)s| Aho|cH| a|g(io)s| ^Hd# gpqsp| ?|t||, ^7| 7|#(4)s|- 

*h¥ 7|B(Z)S| 7|-g-X|-a|o)|fe 4! EhM (sealant : 6)S ¥e!=|o) Sl^h 

#7| E 10)1 *^ 7|S(2)a| @SfE« L+EfUfe fE 2 « #3=^ SHf 7|B-(2)S| ^|*| 

•Hf 7|B(2)<H|fe SKS^(14)0| tj££|o) su, #7 1 Sl-±S^(i4)a| ^ S! 4ti IrtM Bfef *TO 0|o|e| u||g 
(24) SI 7)|0|e H|)Aj(22)0| S^£|(>| ojcK 

nam, teSlBS 9|S ffA|g-*|s| g^, shfcg=(i4)°| ffl-^ YS-o||fe #7| £t-±g^(i4)o)| gg-S 2j7Wfe ± 
x|.o| dj-af sBijx|^E|(s)7h g£s|<H atcK 4^1 ataj- se3x|iE|(s)fe t||o|h g^(26), ^ SJ hbiioj g^( 2 8, 30) ° 

S 7)|0|J= g^(26)B #7| 7)|0|M H||-id(22)0|| 5*2301 SU, ^ ^^(28)S #7\ e||o|e| H||Aj 

(24)011 aa=)0| 

£B|el S^(30)S #7| ffiteSSf(i4)oi| *#a|°s 5§)S(o|f£A|)# s*N S7|sj° s ^^b|o) ale)-. 
"A® 3tM&m itch 

^§ Hfttl- S?HA|^E|°| 7]|0|M S^(26)0|| SgfOl Oj7|-E|a, B|0| B| AJ£7|- t^S = (i4)°S ?i?\s\ll, 71|0|M 3^ 
(26)0)1 AJ£7|- e!7h£|X| gr-fer 3^0)1^ 5^^(14)0)1 E|0|B| A| £7 ^ o| 7 |-E|X| gjrfech. 

©H? 7|nh 2 | ?L^#Jlx^ sfe ?4 ±m\ o)e! tli A^sfe7h s S o)e! a|-°(=o|| °j*o) 

7Wi u.m assife a^7F aw-. 

OflS #&), B^7^ JEA|#*|2| | = t ^ S S^|A|S|X| ^A|o}, l 8 °Jx| 0|AI-S| j18|^E(0|# #0) 

SXGA, UXGA #) 5A|g-x|a| g^oHfe t)|o|b a|| Aj gj c||o|e| H||Ajo)| Ahgs|fe xil.^o| sH°| 

S §fit!" SL±y[ ttl-HW, CHQ5|/3.S||#iES| SIS fiAl^Sl ^^.0)|^ 7)|0|M H||Aj g! C||0|E| H||Ajo| 



o|§), §SH°| fessyg ojj S f£ 3a l||x| e 3eS f 5 5fo| -yA)|o| 4iSScK 



SltfslSS °4® JEA|S*|(HI A^£|fe mfHx|iE|s| fife a| ^EH 71 E (Inverted Staggered)! ?=E7|- BtO| AfgQ 

£E», #7| <*! £47lS1l Bj-aj- S?Hx|^E)fe *|U*8| MM #m\ n*Sh H -!| <HI*IS(back channel etch : EB)3* <H| 
*| ^EWS(etch stopper : ES)°S L-HfW, n g§o| flfErtt ^JJ *ltf o)|*|fj Qij § 5 a|4:X|. *|| 

Sx), 7|»(1)0|| o|#aoM ^7|ah sas| xi|^a|- 71|o|s *Hs| HJ-ataf *Bp|Bs| (adhesion)* # 

7||§F7| fl«KH a|3« 4|A|a- in) E) a (sputtering) oil s|SH» S^offf 

E 3afe Aj. 7 | g^sj- sxi- *o)| xi| i D|ias E||B)ys|-oi 7||o|j= *R(30)4 9^(32)» S&sRr c^ioltK 

fe§ 11 3|S SA|S-x|°| =*W| f£ff 7flo|S (30) oil A|SE|t g*r€ RC S4o| (delay)* m\ *M fl*KH x| 
»o| 5fS «MM)|bo| ¥••#» o|*jl XIEL4 ^o|fe« s|-^o S LHAjAjol a^api, *«s?sl M ggo)|Ai fle* 

(hillock) S-^ofl °|£1 H||Aj 0|C7|A|?|o S ^ = o|^ H||Ajo| ^e Nm /A 0 |7m 2£)*^7f S|« 

5E|7|£E gtah 

#7| 7)| 0 |e g^(30) S iM£|A| *R(32) l!*!*, ^ AJJf gj i^g 7 |£ go=|oJ| 7)|0|M 1^^(34)* S^SM 

. aj 7 | 7i|o|j= l^e|(34) #0)1 a^2£ WE*)| *SfJ ^B|&(a-Si:H)2l M£#o| H|gg AjE|a 

(ma-Si :H)# 

Ap-I HJ-E*I| #1 #*^o)| XH] 2 nfias n|)Eiys|-Oi «1 E|M#(36)B|- AJ7| ohe|M#^ #il 37|H| 2.BI ^^^(ohmic 
contact layer : 38) # SAj&c|-(E 3b). 

#7| ebj i^*(38)s mm s^gaf aj-71 q!| E | M#( 3 6)JI |.o| g^xi9« wopi $m ^^o\c[. 

E 3 C ol| EA|S g§S f-iiS EE #H (Transparent Conducting Oxide : TC0)# %\ 3 "fi3£ n||E|y*N n 

iS^(40)# H^fe Sao|cK aj. 7 | ^gg a ^AJo| iTOdndium Tin Oxide)?F ¥^ ii?Jc:K 

Aj-71 s^g=(4o)-& isalxi g^(32)^ a^x|t dehs ^Ajsjoj, ^a|x| *R( 3 2)a|- sl»ll isaixi n 

HMA|El» «Aj^ 7 | ^|ofo|cK 

0|^, E 3do)l £A|=I a\9\ ^o| f^5|2 *1| 4 D|i3£ n|)E)y5|-Oi ±i 3^(42) Si HB||o| 3^(44)# 

Af 7 | HB||°i g^(44)-& 41-71 5|-^g^(4o)^^ ^Ssl ?I*|o||aH g^g|-sa ^gcK A^i ±± 01 ca)|o| 
(42, 44)S H#(Cr) Sfe *a|Ma(Mo) gS| A^flcK 

AJ.71 ^ g H B||°J S= (42> 44)s Dfiag «^ AJ.71 ±i 3^(42)34 aj-7| Hs||°J S^(44) A(-o|oll 
fe EB) X||74^c:K oj-of, AJ 7 | ±i ^^(42)2^ AJ7| HB||ol 3^(44) AhO|0|| SX||5|-fe ^aj x-||»§|-X| 

^ M?Hx|^e)(s)2| S7|£| sajoII Ai^ gx-ll* fe^A|^ ^ 0(00^ Aj^ollAHs. e SAl|7h Agzlch 

AJ7| ESI ^^#(38)31 ^i|7i0)|fe Ajgg. ^s|7|- a^ScK AJXfl £Hi 1**(38)S| ^^A|0||fe Zl 5|-^o|| gAjg o!|e|M 
S(36)B^ 4|z|- AjS|H|7|- S12HS ?!jE|M#(36)* ^ 50 nra IE A|?|fec||, ajz)- ^^E( e tching uniforniity)fe 

t^St S?HX|>iE)(S)H| 4^0)1 SllSjoJ g§=# PlficK 

E 3eO)l EA|e| a\z[ ^o| xfl 5 D(ias nHNy^W °J1E|MS(36)# Es§|-7| fit 

a|(46)« 

AJ7| fiss|(46)-& ?!|E|H#(36)2| MefSS o)|b)x| aj-e|) gj a|zJ-a| g-^sfe a#*3o)| S|w|| aj-oj- S?Hx|iE) sajoII 

i-H5 SS* »IS 4= X(°ES ^7|Ss| S^af(SiN.) M|x|fe aj E | € A^aKsjo^om #7|2°| 
BCB(Benzocyclobutene) ^Ajg-nl-. 



£££}, 4!-7| Mset(46)e am ebbx!^ ( S )h| xH^eW s|-;i;°m (p)2) ^3. tf&m g§A| ^ 7fe£ #7|Lf 
^HEH*l(scratch)£ #Sf»S¥6| fis^l fl*KH £S #^#4 L|ft Si H^o| 5Ufe «g« 

«So|| °|5i|A-l oijg 2 A|§*|s| af°|- MgH^I^N 7|fie #6l5|7| ScK 



&\9-\ g-ol #e||h| 2A|g.^|o| g^-oi|fe aj-af eajjxi^El 7|fch°J *||3SS|-7| Jf|s|| 31S(St 300 "C o|4.i-)o||a) 

o|^.cHx|fe io4a|- sj me|m# SS# 7l*|o|: sua, o|s °|«H 7|C(i)s| £ ^*f/g#o)l s|S fflt!o| ^ alch 

ejsll af°| M?Bx|£e|« fll, □l^-HBl-ojo.s ojsh 4£x|«ta|. Mlfo| aj-^tt 4= SJrr &So| alcK 

U^(7|BS| «^/H£S| gX||)£ 7|fi(l)S| H7|7h ?Hx|g Cj^Dj 4*84. 

c\A\ 4h7| uj-st S?Hx|i:E)fe 4 ^£^(7||0|e g = ( 7|| 0 |e lojSj-_ Q!j E | M * §)0^|. 3E£S|£ 

(photo-lithography), ^^(etching)^ gS# 0|B| a BH*tt a£=ifcel|, o|S|t!- c^S| ^*\°\ 

H ||Aj S | a^af =r= Slfe o^Ei satf 7)*|7fl s|Jl, o|b)» 3So| S«Bx|fe f-fl- 4*7| 7|fis| 

S|^o|Lf iX|-s| (defect) «W ?|t|# HHi5||o|= ffrc*. 

S*H a|°| JE?HX|ri:E|°| 0!jE| M *o £ A|-#SE|fe H|§1 ^E|S-& H *p|5j s.^AJ. (0 |§ E 7|- 2j= 1 cm2 / Vs ) 

s| qh S a A|g-x|o)| £j-i.§|-fec|| glch if, 0 |S£7|- S|x|3| *|-7| Ofl-S-CH! -y-7| 4|3-I5« 5 

x|S-x|(°f 20' o|#°| gs|)s| ^§ iX|-S A|-*ta- 3^ ^(residual image) gaj £H!x-|^S 7W# ^ Sife &4|o| 

SEfi, #s«2| 7|#s q)els|£| fiA|g-*|» xmm 3-?-, S}JE*| aj-at°| §*!•# o|sj. j,?^ CVD xmjg E oj 

§ho|: §h7| ttii soil a 7 1-7 1- 41-^fe s^goi xick 

&7|2h SAIig* §113^71 ?|5H # i>90||Ait £H!S| SAHxiS^* ^X|«faL, A^g§0| *0|& Cfla^H| QHg a x| 



#7|a|- ^-g ^«f7| ?|5H e aj-goilA-lfe go^ 3 |. s^gsiol §a|E|Jl, &?\ <g^o\\ Ais tHS!^ 

oj c|-^s| gAl-aol ^AHsj 7|aaf; Aj-7| nasofl #7| L||gao| gx^oll cH#s|fe 7f 

x|oi, av^ a0 || 5)o|E «H4 o|4^| iflS ±x|- U z| ^IS^XKHI 41s» ei7^te c^7«s| s||H7|- 

2f; 4f7| 4iL|af 7^S1^S ! °S 7|-SX|stt| Ljif^ »|| i bHH2|- g^Sfe 7||0|S u||AjS|.; #7\ u^ss 

A||saj-si=°£ 7|-sx|e D ^ #7\ t||o|e hH4J# #4!°^. 4^7| u^ssi ^o)|ah MS^sjo^ s^si^^ 

^21 fll 2 , 3 hHH2|- a^*^ !_ 2 Eflo|E| a^n- #7| i, 2 ^I|o|eH u||Ajo| SSJ^eJ ^-&o|| S4is|o), i, 

2 C||0|E-| H|Aj S g#o S g^sfe 4^aH||4i31|.; 4F7| S|-^2lO|| «{d5|B|, ^7| U^^^Ol Xi| 4 D||JE2|- 1 

#7| 4K£?!1!"II41^ §^ #S2| ^±S^S sffsfe aA|g.^| § <>|b||o| 7|©# xi|g*teK 

SESh, ■& ^S0||A)fe ^A^ Sgf 7|-X! L||#S0| SJ^g 7|»3f; 4j-7| L||g.So|| SJA^ElJl^ Tqo]^ s|-U|.0|#2| 

±x[y\ g4i2|Dl, 4!-7| ^ISJ ixUHI 4!£» ?j7|-s|-fe c\^s\ n||H7|- g4i@ i-M^*^; #7\ u^S^ol gAHg 7 | 

£1- 4MI S4i2|i, 4>-7| uHcgso| 4 h||H7|- %\ 1 Msatsh 4 t 7| xi| 1 Mss| a^o|| 

AJ.71 Hir.mno\ S4iS ^^o||Ai M^^o^ o^ S - E | lli At 7 | xi\ i MSat 4^1 t!4!£! xj| i, 2 5§ISS #§11 a| 

1, 2 BHH2I- XHI 1, 2 OlOlEi b||Aj31h AJ-71 Al| 1, 2 C||0|Ei H«Aj S, 1 7|fi S^Oll 2^ g4i5|Jl, 4JrfS 
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ol «3€ #71 n\ i, 2 d|o|E| uH^fil ll^F inSS ^ft ^ *1| 2 Mt D 44; #7] *1I 1, 2 d|o|E| 

«H^o| M°4^o^_ a«o| a 1-7 1 xi| 2 MHS| #o|| ^#HU, *j| 2 SI D 4 #o1l H#3 £^Soi| °|tU zfzj- 

xi| i, 2 N|o|e) u||Aj^ s A |oi| sH-ofe cHeH|o| 7|e# *ISftcK 

nam, * *go]|A-n=. gAra £fe MI#So| g#3 7 |^|-; #7| M|#.§oi| °M^£|:n, s|ol£ *ms| ^flS ± 

*m asiHiDi, ^ saa c^si sdh# ^ #71 ufii^oi ^50^ ta^o 

s a flSslni, #7| Ltfsf g 9U e|^o|| ij#*j Jf&HW aj- 7 | L+jtOTsl 4 i, 2 n||=sf g 

*«Hfc 41 1 u||Aj^ ; #7| qtiBf eF 7|sx|aD| , #7] u^gso) 3 3 n|| HS |. g^sfe *|| 2 t>ll*M; # 

7] U^M^SI n\ 4 g^Hfe t^S^; #7| xi| 1 H||Ajo| "oi^oj J=L«o||/r| #7| *|| j tJ|J Aj j2.f- Hj-|f=0 

oiaiioi 7ia* *s«h=k 



oi*k ii^a jess ^gsi #Aii^i a sew. 

^ a{) o| 0|j § £A|#*|5>[- U|jn§1)Ai £ g-gol| H|-# Qij§ £ A|g-*|S| 7 |# ^ ^g^- ±XH «g£B| ^||5|-SS« * 

§11 d|B| *5rtMte m\ #7| d|b| THI^g a^IH £*Hi ^Hi4S7|^(Fluidic Self Assembly ; FSA)# «*» 7 IBM Ml 

oi7|A^ «g£^ A-flxj-Ej ^flg ^xfe a 37|7|- 4=41 Mm S5ES ^ a|A||sp| aH^ofl L-^M^o|a^ DW. #7| 4^ 
M^-B £hE*1| «|o|s| #ol| ^flg ^xhi tj#^;n, ^o|| 7H^^jo^ sjcH^ g#gc:K 

5£ 4fe e ttScHI cc^ 4in««K200)S| BB£M, #^l ^ic*^(200)€- ^IH ^ 

ai^i^Ei ; ioo) # Ai-cfBissi g## *iac|.. 

#71 Hj-q- Egj X |^E|(100)fe flo|JE|(50) #011 H#£|*i, n #Afl ^^fe £ 50i|AH Ajg^K 

£ 5^ #^1 L-fin*^ (200)011 g#S U|of M?HX|^E|S| flasjoj i£A|t!- aflESJttl, ^ aH|^ yjExfl ?||0|JB| 

(wafer ; 50) m\M 0\+0\&ck. 

#7| £ soil ££A|a EBHxj^EH (100)» °J U J5|°^ MOSFET (Metal Oxide Semiconductor Field Effect Transistor) B\ 

eJXi r ?|| 0|J£J (50)011^ BJ-J5E*! S*l(60)O| ^1*1^3., #7| S^(60)S| <M*f7[ £#S|-b 8^^(52)01 #7| 

«|o|je|(50) #oll SaScK 

#7| M^S g 21 (60)4 ^4 g^^fe ^ §J =a||oj g^ (56r 58) 0 | #7] M?i^(52) #ol| #7| ± 

^ Si HB)|o| S^.( 56( 58 ) s| Aj-o|oj| 71|o| ^ a = ( 54 )o| g#ScK 

#7| ^te*1l flo|it|(50)te- Q-aa 4!a|S(C-Si) afe-oWqo| = (GaAs) #o| A\&m ^ o[od^ #7| 

(60) #7| H|-5E*|| tJ| 0|5| (50) 0|| M^#(^1^7|#5 #o| 3^ L(|X| 5 ^o| oj^oj g^( B ) nc- oj(p))S ^oj^O| g 
##c:K 

5E 6B ##fi (200)^1 Htaj- H|Hx|^Ei (i 0 0)7F fj#§ ^*s| £A|S- a|SES>H ( 47HB| y|g+ HSHx|>, 

e| (100)71- #M/2i-/^£| CHS# o|^ai S#£|0| 8lc+. 

#7| Zt ^ B?HX|>:Ei(l00)^ 7j|0|E £j^-( 54 )4 ^ HB||oJ g = ( 56| 58)HS ^£|Dl ( #7| 7l|0|e g^( 54 )^ 
¥ ?HS| 7H[o|M s»H(54a, 54b) S-h g^o| ( #7| ZJ- 7||0|JB nHH(54a, 54b) ^ ^HS^^i ^51 ^IW, 



EES, 4M ^ 3^(56)^ M|o|e| BH = (56a)SF S^W, aJ-7| J=a||°! ?*R(58)-& = b||2! n||H(58a)fi|- ^ffl^h 

HE| jOL, #7| HB||ol n}|H(58a)# SI S^SS -2tSa)x| 5«A|Ei (70)?l- S4£|°1, 4^l ^*e&|x| ?Hb||a|e| ( 70 )S| 

0i7|Ai ( Aj-7| d|o|E| s}|H(56a)^ ^o]x\ 3 7Hb| ^ S^(56)^ S§5j£S flas|n1, ^4 S^tt ^ Sl# 3do|c|- 
. ^, £ 60|| £A|g Lltfs (200) s| £|£.£0l|te «ms| c||0|E) nHH(56a)0il 4?l|s| ^^S^(56)0| 4^ <aa*|cH ojx| 

a, *R 47i)si dio|E| hhh£|- *m aaswi ^ ago- ^ a« aoict. 

LfkfS(200)^ 4?HS| "j-af M?HX|^E|(100)S|- 2+ ^ M|Hx|>iE|(i00)S| Q^- (56) oil £!Jl# fcPW 
£ cj|o|E| H = (56a)S|- Hb||oj B|j=(58a)oi| °4Ha ±sa|x| ?Wa|e-) ( 70 )S>|. ±£2i|x| 7Ib|a|e| (70)°l| 

aaa ssa^ *hh(72)^ ^Miach 

S7|«aj alx|eh t £ 6011 £EA|£I M-in-f^sl £|S£o|| S|S|-S, 4^HH| Ufof sgjxl^E) (ioo)fe » ?H£| M|o|&f n|| = (56a) 
o|| z^s| ^ *R(56)0| ^^H|CH 2iooi f d|o|E| E||H(56a)Ol| £|27F OTS, *ma| (100)fe 4 

era, <feh£& ^h°i Htsj- egxi^Eisi- ^saixi 7Hshia|e-|7|- a^a "-k^m* ^0^1 mm?\ a» fsa 4 

£ 7-E- 4? I l.^M^(200)O| 7|H-(i)B| E[^# EHS5EO|ch 

^flS 4:X|-oj u^g-s (200)# bj|x|3p| 7|©(1)# 5H| §KlL, 4? I L-^ilf (200) # Hll*!© 4:3 £| y-go 

3. ^1^01, 4P| 4i^M^(200)o| MIS* (300) « a^SM. o| cH t 4-7| MIS-#(300)-& 4^1 M-±=*^(200)s| 

^R^H (^ i ah^eIH S 4^1 qin-i^oilA-) n go|7|- ^)oj( gj^o| 5jo|cK 

oiai- aoi ^i^-a 7ie« a-^a -w-^^oii g-aaz, 4^! ^§^011 g-a 4011 ^4^1 »B£s 

^(200)# 4tetl-c:K 

o| ffH, L.fiM^(200)o| 4^1 njBl- AJilcl- 7|0(1)S| ^^#?J Ml 9* (300) oil EW^JE*! 7|© 

(i)oii ^a^xK^ i uficM^jm a^si-7ii sck 

^7|sf aoi ^xfoj m.^^^( 20 o)# ^iea)^ s^a mi s-s (300)011 ei^-^te ^x^^i 

#(Fluidic Self Assembly ; FSA)o|s|- 4^1 4:X|->M-] E 7|#oj| ^||A)-^ »?c)| 5904545 ' soil 7HA|se|cH <&c\, 

WEH°| oij§ S A|^|o| ^|^g§0||A^ ^S^Ol a^S)-^ tFfiO|| ^|H ^X|-o| Hfq| EBHX|^E-|o| ^|^§Jl|- S|-4: 

« 4^1 u|SS ajsj e|Hx|^E|a|- a-B ^IS ^ n 1 t ^€ EHS9 ^^l^ SE-b SS-o|-Amo| = 

S| fl|o|5E| 4^|AH 7H|3£S|7| aH^oi| 

4^t!- FSA 471 ^fir.M^(200)B| #3mx|4r ^KH^I ^Wl S^K 

tfl-Bf/H, 4^1 4^M^(200)H| je 6011 JEAjtl- b(.s+ yo| 4?Hh| y|s| ehNxI^e-) (ioo)-b A y A ^^21 

471 2+ ^ M|Hx|^E|oi| Ajtf oj7^fe M|o|e| hHh, 71|o|e e|)h #s| e^I-#H «|a| qU^|°J 
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SEtt, #7| L4JcM=(200)s| sls^S «|S iEA|#*|a| ^o|| gj£E^ a^o| 7fe«HH, £E 6«H| S.MB s|S£o)|fe ft 
gs|x| afe4. 

7|£3 use M-in**(200)4 o|* o|SS ^^A te7 |#(FSA)# «IS SA|§x|» *£«}fe H-aoll ft 

E8§£ U-9SI gA|o|o|| am 5A|§h*|s| S- $.l±sfo\\ SJifSfe gg# £A|Q- aas£0|c+. 

£L 80)1 ^§5^, 7|-SU-1('°S c|-4=7||s| 71|o|B HH^(i50)o| tJgslJH, A||SS-tl=°S 4*t>7I|s| c||o|B| u||-id(i60a, 
160b, 160c) 0| 

ES\ &7| TflolH "114! (150)4 4 e||0|B| Hd(ieOa, 160b, 160c)o| ja*|-*te HWollfe 4E»3(200)O| ¥|*|47fl a 
4. 

J£tt, 4PI 4^**1(200)4 £13 & 7)|o|s H||-£d (150)ofl-fe 71|o|s HflAj €^*(152)0| 3£s|0| I 4EM(200) Mloj 
H|-e|- MaHx|^E|(D|EA|)o| 7|| 0 |e (156)4 23334. 

se, 41-7 1 4in*^(200)4 4 c||o|e) n|| -a (160a, 160b, 160c)O| eiiCS &#s| SEMIfe cflo|E) H||Aj aa|| 

(162)0| S^S|Oj, 41-71 4i#*(200)S| HBfloj 5||JE(163)4 23334. 

ns-U, #7 1 *|| i d||o|e| n«4!(i60a)€ £13 *ll 2 c||o|e| uil-id (I60b)^f #7 1 4t#^(200) L |)a| l||y*!°s ii^a H || 
doll s|«H Ais JES«W| 34. 

£ 8011 5£A|fi ti[SH #o| « ttgol a}* =A|§x|fe 54 E||0|E| nB43(160a, 160b, 160c)O| 4±c«4 
(200)O| giAjs! Y?o||Ai M^^o £ ^Ajgch o|fe &7\ 7)|o|B h| £1(150)4 #7| dJo|e| H||Aj(i60a, 160b, 160c)O| ^ 
•& g§o||Ai H-gapl Dl^oll 7flo|M u||A!(150) Efe EH|0|e) ts||-a (160a. 160b, 160c) § 0^ 3 n||4!-& iti^HS S 
^s|cH, «• -6JA|o)|o)iAHfe Dflo|E| H|4!(160a. 160b, 160c)o| i»j^££ «g£|te 5!# £A|*Kttc|-. 

Sfi, 4±c#*(200) Mlollfe Ai.7| aj-af M|Hx|i:E|a| hb||°I g=(D|££A|)af 338 HB||oj n«H(l66)7|- -^71 
HB||o| n|| = (166)4 a**fe 4^3 4 (170) 0| 

Eft, #7| 4inM4(200)O| ^AHEj «eo)|Ai M?=|^5j°S 2333 #7| C||0|E) H||A}(i60a, 160b, 160c)4 ^Ojfe 
2f2H||Aj(i64)0| xi-71 i4Jt*^(200)* 37JS Aijg. cfl#*fe c«0|B| nHAj( 160a , 160b, 160c) 4 a#*tt »14. 

= , *)| i d||o|e) H||-a(160a)4 &7| XH| 2 D||0|B| uH4j (160b) S &7| 4JtM^(200) 4^o|| tjAjsj ^S:eiauBAj(164)0|| 

s|sii a)s aas4. 

#7| ^S.d3a||-4d(164)S| 7|fe-& av7| ±A|-Ate7|#(FSA)o|| a|s|| 4icS«K200)* "-IIS-*<H| °}SfA|^ fl), °l-s[2|x| 
¥^21 MI#S(E 8S| P ¥S)oilfe S^S cflolEH n|Ai( 16 o a> ieob. 160c)o| a|s £#je|x| flS* 

MS147I flSN gAH Sfe 5!0|dK =, At 7 | ^aflgnti(i64)* Me!^s|°sL &\ NION nHAj(i60a, 160b. 

I60c)s| ^£|4fe 7|^# «m s|fe 3Jo|cK 

ttfl, * tfSS| AJA|Oj|0||Aife E|0|B| H|)AjO| M^^2S|o S gAjsj £g# £A|*|.^o^ ( 7||0|e a||Ajo| t?i^S|£ S § 

d§ a^. ^71 A^saifiide «a^°s s^a 4 tiioib aa^m m°s s^a- «?» at* goici. 

44 So| « usoii i4« 0|a aAig-^lfe ±xm A^E|fe ^af egjxl^E)* #so| tt4a 14 

tS^(200)« xH-a§|oi, enseal aA|§*|o|| 4= &go| sich. 

EfcE 8S| SEH* ix-IXS 4# EFfl# EA|fh £^05, 7|ffl(i)o||fe M|SS(o|£A|)o| S^s|o1, 4^1 MIS"So|| c[ 

^flS 4:Af7F *|*]S 4in#^(200)O| «^5|D], 14^^4(200)01 7|©(1) °Sif E| #7if|« ifX|»4 #A|0|| 



U7\ n 1 aa-sFai(i72)-& 471 "-^s^ (200)011 s&a ifls ±*wi 4s» °j7ft <^ safe ^2HH(i63)^ tiiois 

b|H(156)7|- t*a ±£ S«l»(162) SJ 7|0|S S^!5(152)« 5HrC*. 

47| *il 1 SlfSf^(172) d|o|E| HHA1(i60a) §1 7)1 0|M H|d(150)o| 47| ±± SJ 7)|o|S a@|ft(i 6 2, 152) # S 

«n i#a ±^ §y 7)|o|e siiH(i63, 156)21- a*«H*i H4at*. 

#7 1 c||o|e| Si 7||o|M u||4(160a, 150) #0)|fe XH| 2 gf!-SW(174)0| 47| x|| 2 «&*W(174) 4Joflfe 

2^a^d7o)oi aaaci-. 

#7 1 S^S^(170)e ITO, IZO #S| JjLg ES4S^0| A^a^K 

oj7|A), ai-71 Sh££R(i70)€ E 90)1 £A|=|x|fc atXtr^lO l-^M^(200)o)| t!4a Hb||°I h||es|- 3c*. 
4-7| x| i, 2 a&SHOI ^7|l^s|o| A^slo), BCB(benzocyclobutene) , oB! (acryl) §0| 



««. 47| MtM(2O0) 4^ 4-7| xfl 2 « 0*^(174) 4Mlfe 4-7| 3**3^(170)3* AHU2I ^fifla HH 41(164) 

oi §4=101, 47i ^Jtaauii4!(i64)si ?5 at ?\!&°\\ m\M^ s. io°\\m mm asi&c*. 

yt!) n|-s* iho| -g- tt-goll iif6 ei|S 5A|§-*|s| n^moWM^E 7|B 4o)| g^spi flfi &hE*l|#i!( 

¥£, n|Sil 4l2lS)s| S*f Si aaat(¥S. 41215 «SW)S] S*J»So| xi|a|£|7| meog ye SSSECHW 47| «| 

9 5A|S-*|S| X|| 5J-0| 7feW. 

SEtt, 47| rfcx-l-Ais 7 |## aJSft &) Efl o | ^ | ehs| SS§£fe m 250.SI SSS£o|A| fc«Hgo S go|| s| 9 7 | e2| ^ 
*BSS at* f> 213., a^ajzI S§ w 47| 7|fls| ft « off °|e|| iB7|o]|A)s| □|^^a^o)| s|tf ±*a| JUttiX?} 

nau, 7|s aiS s<M3*|s| xflsggaKr sa| ^flS ±t*b| *n=ss* a^sg* £a|*to| xi|5|-# ^ sigo S , 

aa\s\ ni*aasi asm ^ aw. 

nam, s|-s a»|s| eiE* ?|o|ffi|o)| c|)go S ^oig x|^n-o SA i , ±?*a| 3^0- 37|3£|°J ^.Aj # M 

a* ^ sic*. 

& ^ D Jo|| ccffi iXHaS7|^S SA|§*|# xll^a g^. enseal ojjg 2A|^*|o||Ai 4^Mtt + 91 

4^e ufai aoi ±^7i- g^a L-ii:#^« us-** e^sfe ^x|.A te7 |- (FSA)e 100 % 471 t-t-jts 

s 0 | l|1S*o| ^4=|a| %m + «c*. 

= , £ 100)1 £A|a c|-^2| sF^Yoll SllS-Sfe FSA 7|## 0|#& 2A|*V*|°| £!-SE0||A-l a- ^ o[s 0 | 
oil i4JeM0| S4=|a| g^7h ^4Stt ^ ycK 

£ 10^ SE 8S| SEf-a X-X££ Xh# EfS* fEA|& ES°5, FSA 7|^# #S|| L||^«0| §43 7|nho|| u^gso oj. 

n, shm-sim gj-^s ^-s(p)si aa* e^s- e^oick 

£A|a EflcH|A|S|. ihO| MISS (300) H4S 7|fi(l)0| FSA 7|## «S| U|ic#S2| oJ.Sj-A| uftg^ol o^=|X| ^7|| S] 
a a 4oll g4s|fe i*|o|e| uH4e 427^ g7|7)| s|cH dSS°£ 3«s|-7)| ach, 0|fe G||0|E) Hj-MOl i-hEM^ol §^ 

a ^oiia) #ej^oin, uitM^ U ||o)i §4Hit m\ 21^ oioie) hhaio S ai £S em*H=- §)4# xn^7| 



fllsolch 



tt|-BH, %£S\X\ s£A SIS, n 2 c-||o|e| H||Aj(160b)#§H smslfc g»o|e| asfe *ll 3 3|o|e| h||-M(160c)° 

#7\a\ as sns. el§H * srao|A|fe a?l d|o|E| maaeob, 160c) m ga=lte 4 2 SWe+(l74)<H| HS-«(300) 
a*l 4 2. 3 c||o|e) a||Aj2| zj-zj £|-£gsf* ggtf H, S-a|oj a?| *|| 

2. 3 c||0|E| H|ia(160b, 160c)3f §A|o)| ^at!«H|d(164)» Sa&cf. 

a?|af 3o| x\\ 2, 3 cl|o|e) H||-a (160b. 160c)4 #^|o)| a^sfe ase!#u|| -a (164)011 aisll, i~|iMi|s| M|fo| hj- 
astC)4£ Aj gg-S SS | gsjjs. bj. X | tt ^ o| C |. 

SB, a? I *« 2, 3 3|0|B| H||Aj(i60b, 160c)2| g& ¥£o||fe 7I|0|M u|ia(150)O| Ua^C-h 



Ai.-3j. ^ tf go| ^Aidis ais sua* cf»3if a-s sg 0 | sick 

SM, 7 1© 41-011 riiflS ^» Ha*|7| f|S B*£*l «|(*£, aa|£)s| S*f S lei^S, *JE|5 Iis|-et) 

21 5«f53o| *||a|s|7| misoil 3SSEo|A| oh § a A|g*|s| *||5|o| g.g 0 | aicK 

m, ±*His. (Hmopibsi sasate sim 2 5o„si ssseoh/h s*iigo S go,, 7 | fflS | 

nsoii o}j§ iEAig-xiHi a|aj ^° 0 | »gs|te g-go| aicK 

7|g °Jjg 2A|g-*|s| sflssaBfe aa| ±m ±ns.\ *ss|. #a|«HH 4 s SIShs, aaa 

a|a| a£j*sf Hisa?isi i^i 2# ^ ait aaoi xic*. 

yimi, sfs fl=isi e>jEE*( ?ioia)oii cHifog. ^oig ±xm xiisj-a-ssAH, ifls ±^si aati- S7iaei #a* ms- 
* 4 s at aaoi a^. 

site aaoi aicK 



(57) s?si m 

s^s- 1. sks^oi sa|s|ji, a-7i i*is! g^oi cni!a?j c*^ai £a^oi saa Miass 

5^te 

a?i t-na#oj *jas)3i, mis-ssi cn§=ite 7wm, a¥ son a&iE «m oiasi i?ia ±n 
aj-71 14^^* Aiisa-»o S 71-axiani, a?i TiioiM Nias §a^ts a?i >4^«^si ¥5«>ih #^^5|o S ^^^1 

"H. a?l >4tM^s| 4 2, 3 n«HSh z|z| a^§fe 1, 2 d|o|e| H||a^; 
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#7| 1, 2 IN|0|E| n||Aj°| M<£j^s|°j ^o)| g-ysjcH, # 7 | ! 2 N|o|e] H|Aj# SSHsl g^Sfe &3.<£m\<m; 

aw z. S^S io)l Slow, 

3. io« SiolAH , 

#7| 4!-2aaH||-a-& ITO, IZO^ ^Ej UtKjjlAH AjEHfj- tfo] oi|*j aA|§*|S OiBlIOl 7|S. 

4. 3*13 7h3 L|9g0| ggg 7|B^; 

#7| MiS-ftOl gAHEl^l^ WoiE sm0|4}S| £X|-7|- S££|tt|, Ap| ±3$% d£fl . oJ 7 |. § |.- C^7||S| D|| 
H7h L-l-icS^; 

Ai-7| L^M^oi zj*}s\ 7|& ai-oii tjAjslJl, aj-71 u^so| zj. n|| H 7|. t# E| a§| ti xi| i MSWj 

&7| 3HI 1 asat #o|| Aj. 7 | u^^ao| tJAisj ««o||a-) Mg^o^ o=jg-s)j) j a^ 7 | X H] i asa)- akh| tjAjsj 

* 1, Z #5H i#=J *)| 1, 2 B«H2h g^-sfe n 1, 2 E|0|E| H||AjBf ; 

4P| Xfl 1, 2 N|0|E| H||Aj §J 715 g^Oll 3*1 tjAJjE);^ A^7| U^sol gAj-gj ^.«2| A^l *)| 1, 2 E||0|B| H||Ajo| 

AJ-7| X1| i,2 CHI 0| u||Ajo| Me!^o S sja^ei «uo| At 7 | X j\ 2 Msa| Ai-o)| g^s|3L, a1| 2 asa| ai.o)| ijAjg gs) 

*0|| °|f|| Zj-Zf inSQ Ai| 1, 2 C||0|E| HH-td^h #A|0ll §jHfSH=- H b|| Aj 

• S&sfe «j§ fiA|§x|§ o)e||o| 7|B. 
i?ls. 4o)l slow. 

#7| xil i, 2 asaie BCB, oFHI^ ^Ajg gao)|AH AjBjg. gwoj £ A|§*|2. o|B||o| 7|e. 

awe. a^s- 4011 alow, 

AJ-7| AI-s:^lH||A1§ ITOi mSL ^.Aj=| g^OllA) AjE!j e gas j OH*! 2A|S*|# O|S||0| 7|£K 
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#7| l4i:§l|S H°4*|°£ MsL CHiJo| cR« SJAJ-oj OJj^ 2 A|xj-x|.§. 0\%\0\ 7|©. 

#7| LHg-«ofl °ms\n, woiSE. «H4a| iflg ±*W S^sioi, *i =^IU ±xW q^ei ^tfa 
^S-oll a-) ai-71 L-l-ingsoi xfl j 2 n||j=2|- g^Sfe XH| i n||-tf:4; 

#71 4in#^* gj-l,ko S 7hSX| eo), #7| L.^fiso| xi| 3 E)|H2|- l^Sfe X|| 2 

#7| L.fic-i^a| x|| 4 Hflnai- H^Kr s^g^iif; 

#7| X1| l UH-idS-l #2*^21 ^0||Ai #7| XHI l uH^JIf §«JS «-§=o S olxls]ni_ AJ. 7 | t4icM=# gAjo^ °j ^ g! 
E^ 4f°| XII 1 H ||AjBf #A|0| g^Sfe #£fl3 Hlld 

« OHg fi A|xl-x|# OHBlIOl 7|B. 




12 




JE&Sc 



13 




£&3e 




E&4 



14 




15 




16 




17 




18 



